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(54) Apparatus for electrical stimulation 
of mammae 

(57) The Apparatus comprises a master 
pulse generator 1 the output of which is 
pulse-frequency modulated by circuit 2, a 
unipolar pulse generator 3 yielding a 
pulse of predetermined shape and length 
for each input pulse from circuit 2, a 
circuit 4 to amplitude modulate the out- 
put of circuit 3, a circuit 7 controlled by 
circuit 8 to* automatically reverse the stim- 
ulating output pulse polarity at predeter- 
mined times, a modulating signal genera- 
tor 5 coupled directly to a control input of 
modulator 2 and via a unit 6 to control 
inputs of modulators 2, 4, unit 6 deter- 
mining stimulating, and non stimulating 
periods (60, 61, Fig. 4), and an output 
amplifier 9 coupled to electrodes 1 5 for 
stimulating respective subjects via match- 
ing circuits 14 and circuit 13 allowing 
manual stimulation pulse amplitude ad- 
justment to suit individual subjects. The 
brilliance of pilot lamps 1 9 is varied in 
accordance with the amplitude of the 



stimulating signal output of amplifier 9. 
The apparatus can operate in a mode IB 
(Fig. 4) giving a continuous train of con- 
stant amplitude, constant repetition fre- 
quency pulses, a mode IA giving intermit- 
tent trains of constant frequency pulses 
with pulse amplitude increasing to a max- 
imum at the centre of the train and then 
decreasing, a mode HA similar to mode 
I A but in addition having the pulse fre- 
quency modulated (maximum frequency 
at centre of train), and a mode MB giving 
a continuous train of constant amplitude, 
modulated-frequency pulses. Possible 
pulse polarity modes are a (Fig. 4) every 
pulse positive, b every pulse negative, c 
pulse polarity alternating from one pulse 
to the next, d polarity changed at the end 
of each stimulation cycle 62 (formed by 
one stimulation and one non-stimulation 
period), and e polarity reversed after a 
preset time eg. 1 to 5 mins. 

The apparatus is suitable for use at 
large cattle farms, specialized hospitals, 
and cosmetic rooms, and can simultane- 
ously stimulate up to 100 subjects. 
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SPECIFICATION 

Apparatus for electrical stimulation of 
mammae 

5 

The invention relates to the field of medicine 
including veterinary medicine and electrical 
engineering, and more particularly to an appa- 
ratus for electrical stimulation of the mam- 
10 mae. 

The apparatus of the invention is suitable 
for use at cattle farms, in specialised hospi- 
tals, and in cosmetic rooms. 

Known in the art are diverse apparatus 

1 5 electrically influencing the organs and tissues 
of living organisms and applicable to medical 
uses, including electrical stimulation apparatus 
producing output signals in the form of con- 
tinuous or interrupted trains of pulses of a 

20 certain shape and length, the parameters of 
said pulses, for example, amplitude and fre- 
quency, being changed according to a given 
law. There are universal devices of the de- 
scribed type in which the parameters are 

25 varied in wide limits and specialised ones 
which can be used, for example, for electrical 
stimulation of skeletal muscles and which are 
given a limited number of parameters. Many 
firms in various countries, for example, the 

30 Disa of Denmark, manufacture such devices. 
There are devices for electrical stimulation 
of living organisms in which the polarity of 
the output signal is varied automatically. After 
the desirable time has elapsed, the level of 

35 the output signal beings to decrease to zero 
and at the moment when zero is reached the 
contacts controlling the signal polarity are 
switched over, with the result that the output 
signal again rises to a given level. A contact- 

40 type clock is used to vary the operating mode 
of the device within certain time intervals and 
to change the polarity of the output signal. In 
such devices, the polarity controlling circuit, 
including a clockwork and relay contacts, 

45 makes it possible to obtain slow switchings of 
the signal polarity within preset time intervals. 

There is an apparatus for generating posi- 
tive and negative pulses for curing living 
organisms, which produces a train of double 

50 pulses of opposite polarities, said pulses being 
divided into two groups each of a respective 
polarity and applied to respective pulse sha- 
pers which are connected to an output unit 
producing the apparatus output signal. In this 
55 apparatus, the pulses of opposite polarities are 
generated in a master oscillator and are given 
the final shape in the output network, after 
they have been handled separately in respec- 
tive polarity forming circuits. The apparatus 
60 cannot provide for another law of changing 
the signal polarity. 

Known in the art is an apparatus for pulse 
stimulation of muscles comprising a number 
of units for generating trains of pulses separ- 
65 ated by certain intervals, and a number of 



units performing amplitude modulation of 
these pulses, with the result that at the begin- 
ning of a train the pulse amplitude tends to 
rise and smooth stimulation is therefore at- 
70 tained at the initial point of treatment. To 
obtain spaced trains of pulses with smoothly 
increased amplitude, a sophisticated circuitry 
of the apparatus is required. 
There is a percutaneous stimulator designed 
75 to stimulate certain portions of the subject's 
body and utilizing an output signal comprised 
of pulses which include preset frequency com- 
ponents within a given frequency range. This 
allows for an optimum stimulation of the 
80 tactile nerve fibres as distinguished from the 
pain nerve fibres. In the apparatus, use is 
made of specific frequency spectra of the 
output signal so that the living structures of 
interest are subject to a selective electrical 
85 stimulation. 

Known in the art is a method of stimulating 
the milk flow reflex during machine milking. 
According to the method, the receptors of the 
nipples of the cow udder are subject to electri- 
90 cal stimulation during milking by using a 
continuous train of pulses having a given 
repetition rate. The apparatus carrying out the 
method produces this train of pulses and 
effective stimulation of the milk flow reflex is 
95 thus attained. Such methods are also used in 
Great Britain. 

At present, machine milking of cows used 
at cattle farms cannot ensure adequate stimu- 
lation of the receptors of the mammae, which 
100 results in a decreased milk production and 
increased mastitis rate. To stimulate the mam- 
mae receptors, use is made of mechanical 
massage of manual and other types, and of 
washing-off of the udder with warm water. 
105 Such stimulators cause afferent pulses which 
produce reflex stimulation of neurohumoral 
systems and reflex change of the tonus of the 
smooth muscles of the udder, thereby provid- 
ing for a considerable increase in the produc- 
1 1 0 tion and quality of milk. 

However, this conventional method in 
which the receptor fields of the mammae are 
influenced requires considerable physical ef- • 
forts in the case of mass handling of the 
1 1 5 animals, which results in poor care, in lesser 
milk production and in greater mastitis rate. 
Thus, new methods of inlfuencing the recep- 
tor fields of the mammae are needed. 
It is known that afferent pulses from the 
1 20 receptors of the mammae can be provoked by 
stimulating them with electric current which 
represents, at the preset parameters and dose 
rates, a universal and most adequate stimula- 
tor of nerve and muscle tissues. 
1 25 The prior art devices dealing with electrical 
stimulation of the living organs are designed 
to treat one human being or animal. This 
imposes economic and technical limitations on 
the use of such devices for mass handling of 
130 animals at cattle farms or human beings in 
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specialised hospitals and cosmetic rooms. 

In the case of mass handling of animais, 
there is a critical problem relating to the 
possibility of concurrent electrical stimulation 

5 of large groups of animals with their individ- 
ual excitation characteristics being taken into 
consideration. It is important that each group 
be comprised of animals having similar physi- 
ological conditions such as the pregnacy pe- 

1 0 riod for heifers, lactation and interlactation 
periods, availability or unavailability of symp- 
toms of diseases. In addition, the formation of 
the groups is dictated by such factors as 
technological and economical effectiveness of 

1 5 the treatment procedure and the possibility of 
employment of personnel having no special 
skills. 

To meet the above-mentioned requirements, 
a respective apparatus must produce an out- 
20 put signal of a flexible structure with which 
different electrical stimulation techniques can 
be used for the animal groups of different 
physiological conditions, the signal being ap- 
plied to a large group of animals, of 1 00 to 
25 1 50 head, so that their individual excitation 
characteristics are taken into consideration. 

A prototype of such an apparatus is not 
described in the pertinent literature. 
There is provided an apparatus for electrical 
30 stimulation of the mammae, comprising, ac- 
cording to the invention, a master oscillator 
producing a train of pulses, a frequency mo- 
dulator performing frequency modulation of 
the pulses produced by the master oscillator 
35 and having its input coupled to the output of 
the master oscillator, a stimulating pulse gen- 
erator producing pulses of a given length and 
shape, corresponding to the pulses available 
from the master oscillator, and having its 
40 input coupled to the output of the frequency 
modulator, an amplitude modulator in which 
the generated pulse train is subject to ampli- 
tude modulation and which has an input cou- 
pled to the output of the stimulating pulse 
45 generator, a modulating signal generator, a 
unit adapted to form excitation and space 
periods, having its input coupled to an output 
of the modulating signal generator, which is 
coupled to a control input of the frequency 
50 modulator, and having its output coupled to a 
control input of the amplitude modulator and 
to another control input of the frequency 
modulator, a unit adapted to change the po- 
larity of the stimulating pulses according to a 
55 given law and having an input coupled to the 
output of the amplitude modulator, a unit 
adapted to automatically control the polarity 
of the stimulating pulses according to the law 
of changing the polarity, having its output 
60 coupled to a control input of the stimulating 
pulse polarity changing unit, and having its 
inputs coupled respectivly to the output of the 
stimulating pulse generator and to another 
output of the modulating signal generator, an 
65 output unit comprised of two unipolar signal 



amplifiers, having a common load, and 
adapted to produce an output signal with a 
polarity changed according to the given law, 
the output unit having its input coupled to the 
70 output of the stimulating pulse polarity chang- 
ing unit, and having its output coupled to a 
distributing line with leads coupled to respec- 
tive points subject to electrical stimulation 
each of the leads being coupled to a stimulat- 
75 ing pulse amplitude adjustment circuit which 
has its output coupled to the input of a 
matching unit having its output coupled to 
surface-type electrodes. 
It is advantageous that in the apparatus the 
80 combination of two unipolar signal amplifiers, 
the stimulating pulse polarity changing unit 
and the automatic stimulating pulse polarity 
control unit are implemented in the form of a 
circuit including a first preamplifier and a first 
85 emitter follower which are provided with an 
individual supply bus and constitute an ampli- 
fier for a signal of a first-type polarity, and 
also including a second preamplifier and a 
second emitter follower which are provided 
90 with an individual supply bus and constitute 
an amplifier for a signal of a second-type 
polarity, the two amplifiers being coupled to a 
single load, two switch networks and a phase 
inverter adapted to constitute the stimulating 
95 pulse polarity changing unit, the switch net- 
works having their inputs coupled to loads of 
the phase inverter, which is operated to sup- 
ply the inputs of the switch networks with 
signals of opposite polarities, and having their 
100 outputs coupled to the inputs of the preampli- 
fiers, the phase inverter being coupled to the 
amplitude modulator, which circuit also in- 
cludes an RST flip-flop, a matching network 
built around a transistor which is coupled to 
105 an output of the RST flip-flop, a switch unit 
coupled to the inputs of the RST flip-flop and 
to a control signal unit and adapted to select 
the law of changing the polarity of the stimu- 
lating pulses, the RST flip-flop, the matching 
1 1 0 network, the switch unit and the control signal 
unit being adapted to constitute the automatic 
stimulating pulse polarity control unit, the 
output of the matching network and another 
output of the RST flip-flop being coupled to 
1 1 5 respective control inputs of the switch net- 
works, and the inputs of the control signal 
unit being coupled to the output of the stimu- 
lating pulse generator and to another output 
of the modulating signal generator. 
1 20 It is preferable that in the apparatus the 
stimulating pulse amplitude adjustment circuit 
and the matching unit for each of the stimula- 
tion areas and the matching unit are built 
.around a circuit including a potentiometer, 
125 transistors of opposite conductivities, and di- 
odes, a moving contact of the potentiometer 
being coupled to the bases of the transistors 
which have their emitters coupled to an emit- 
ter load and have their collectors coupled to 
130 the distributing line via the diodes which are 
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connected according to the given polarity of 
the signal. 

It is advantageous that in the apparatus an 
indication unit is coupled to an indication line 
5 having leads for respective points subject to 
electrical stimulation, said leads being coupled 
to corresponding pilot lamps and to the out- 
put unit to effect visual monitoring of these 
points and to acknowledge the presence of 
1 0 the apparatus output signal. 

The advantages of the apparatus of the 
invention are as follows: prevention and treat- 
ment of mastitis; increased yield and quality 
of milk; normalization of the tonus of the 
15 mammae; reduction of milking time; elimina- 
tion of hand aftermilking. 

The apparatus of the invention is compati- 
ble to the conventional methods of treatment 
of women in hospitals and keeps routine cattle 
20 management practice for example, milking 
procedures. The electrical stimulation can be 
effected during milking. 

In the cases not dealing with milking, use is 
made of the individual electrodes which are 
25 fitted over the nipples of the mammae of 
animals or over the mammary areolae and 
upper portions of the mammae of women. 

It is possible to handle up to 1 00 subjects 
concurrently. . 
30 The flexible structure of the output signal 
allows fulfilment of different aims of stimula- 
tion, depending of the physiological condition 
of the subjects in the given group. 
There is a separate signal level regulation 
35 for each subject which takes into considera- 
tion its individual excitation characteristic. 

The apparatus of the invention can be main- 
tained by the personnel having no special 

skills. , . 

40 The apparatus of the invention can be used 
very effectively at large cattle farms where 
animal are short of natural agent, as the 
management is affected by the following fac- 
tors: lock of motion; machine milking: inability 

45 to control the quality of care of mammae. 
With the apparatus of the invention, an 
increase in the daily milk-yield amounts to 10 
to 1 5 percent, as compared to that of a 
control group for which manual massage of 

50 the udder is used. The mean yearly milk-yield 
is equal to 3000-3500 kg. The fat content of 
milk is increased from 3.3 to 3.6 percent and 
the milking time is reduced by 1-1.5 mm- 

Ut6S- 

55 The invention will now be described, by 
way of example, with reference to the accom- 
panying drawings in which: 

Figure 1 is a block diagram of an apparatus 
for electrical stimulation of the mammae, ac- 
60 cording to the invention; 

Figure 2 is a functional diagram of the 
apparatus for electrical stimulation of the 
mammae, according to the invention; 
Figure 3 is a circuit diagram of an output 
65 unit and a stimulating pulse polarity changing 



unit, according to the invention; 

Figure 4 shows timing diagrams of the 
output signal, according to the invention. 
The apparatus of the invention comprises a 
70 master oscillator 1 (Fig. 1) producing a train 
of pulses, a frequency modulator 2 designed 
to perform frequency modulation of these 
pulses and having its input coupled to the 
output of the master oscillator 1 , a stimulating 
75 pulse generator 3 which produces pulses of a 
given length and shape, corresponding to the 
pulses available from the master oscillator 1 , 
and has its input coupled to the output of the 
frequency modulator 2. 
80 An amplitude modulator 4 is used to per- 
form amplitude modulation of the generated 
train of pulses and has its input coupled to 
the output of the stimulating pulase generator 
3. The apparatus also comprises a modulating 
85 signal generator 5 and a unit 6 adapted to 
form excitation and space periods and having 
its input coupled to an output of the modulat- 
ing signal generator 5, which is coupled to a 
control input of the frequency modulator 2. 
90 The output of the unit 6 is coupled to a 
control input of the amplitude modulator 4 
and to another control input of the frequency 
modulator 2. 
There is a unit 7 adapted to change the 
95 polarity of the stimulating pulses and having 
its input coupled to the output of the ampli- 
tude modulator 4. The apparatus also com- 
prises a unit 8 adapted to automatically con- 
trol the polarity of the stimulating pulses and 
100 having its output coupled to a control input of 
the unit 7, and also having its inputs coupled 
to the output of the stimulating pulse genera- 
tor 3 and to another output of the modulating 
signal generator 5. 
1 05 An output unit 9 has its input coupled to 
the output of the unit 7 and has its output 
coupled to a distributing line 10 with leads 

11 1 1 „ coupled to respective points 

1 2 1 2 N subject to electrical stimulation. 
1 1 0 Each'of the leads 11, 1 1 n |f coupled 

to a stimulating pulse amplitude adjustment 
circuit 1 3 which has its output coupled to a 
matching unit 14. Coupled to the output of 
the matching unit 14 are surface-type elec- 
115 trodes 15 which are fixed to the subject under 
treatment (not shown). 

The apparatus comprises an indication unit 
16 having its input coupled to the output of 
the output unit 9, and having its output 
120 coupled to an indication line 17 with leads 
18, 18 N for respective points 12^, ... 
12* subject to electrical stimulation. Coupled 

to the leads 18 18 N are respective pilot 

lamps 19. A measuring unit 20 has its input 
125 coupled to the output of the output unit 9. 
The output unit 9 is a combination of two 
unipolar signal amplifiers having a common 
load 21 (Fig. 2) and producing an output 
signal whose polarity varies in accordance 
1 30 with a given law. 
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The amplifier producing a first-type polarity 
comprises a preamplifier 22 and a emitter 
follower 23 having an individual supply bus 
24. 

5 The amplifier producing a second-type po- 
larity signal comprises a preamplifier 25 and 
an emitter follower 26 having an individual 
supply bus 27. 
The stimulating pulse polarity changing unit 

10 7 comprises two switch networks 28, 29 and 
a phase inverter built around a transistor 30 
and having loads 31, 32. The switch net- 
works 28, 29 are coupled respectively to the 
loads 31, 32 and to the preamplifiers 22, 25. 

1 5 The base of the transistor 30 is coupled to the 
output of the amplitude modulator 4. 

The automatic stimulating pulse polarity 
control unit 8 comprises an RST flip-flop 33, 
a matching network built around a transistor 

20 34 having a load 35 and coupled to an 
output of the RST flip-flop 33, and a switch 
unit 36 coupled to the inputs of the RST flip- 
flop 33 and to a control signal unit 37 so as 
to select the law of changing the polarity of 

25 stimulating pulses. 

The load 35 of the matching network and 
the other output of the RST flip-flop 33 are 
coupled to the control inputs of the switch 
networks 28, 29, respectively. 

30 The inputs of the control signal unit 37 are 
coupled to the stimulating pulse generator 3 
and to another output of the modulating sig- 
nal generator 5. 
The stimulating pulse amplitude adjustment 

35 circuit 1 3 designed to adjust the amplitude of 
the stimulating pulses at the points 12„ 
12 N subject to electrical stimulation is imple- 
mented in the form of a potentiometer 38. 
The matching unit 1 4 comprises transistors 

40 39, 40 of opposite conductivities, diodes 41, 
42, and an emitter load 43. 

A moving contact of the potentiometer 38 
is coupled to the bases of the transistors 39, 
40 having their emitters coupled to the emit- 

45 ter load 43, and having their collectors cou- 
pled to the distributing line 1 0 via the diodes 
41, 42. Coupled to the distributing line 10 is 
the anode of the diode 41 and the cathode of 
the diode 42. 

50 Fig. 3 illustrate modifications of the output 
unit 9 and the stimulating pulse polarity 
changing unit 7. 

The emitters followers 23, 26 (Fig. 2) em- 
ploy combination transistors 44 (Fig. 3), 45, 

55 46, 47, respectively. The preamplifiers 22 
(Fig. 2), 25 employ transistors 48 (Fig. 3), 49 
with loads 50, 51 and base resistors 52, 53, 
respectively. 
The switch network 28 (Fig. 2), 29 employ 

60 transistors 54 (Fig. 3), 55 with loads 56, 57 
and base resistors 58, 59, respectively. 

Fig. 4 illustrates timing diagrams for the 
output signal. 
The apparatus of the invention operates on 

65 the principle that a pulsed electrical signal 



applied to the receptor fields of the mammae 
via surface-type electrodes makes these recep- 
tor fields excited. The afferent pulses so pro- 
duced provide for normalization and stimula- 

70 tion of the physiological functions of the or- 
ganism of the subject, either human being or 
animal through the reflex effect. 

Fig. 1 illustrates a block diagram of the 
apparatus of the invention. The master oscilla- 
75 tor 1 produces a continuous train of pulses of 
a given polarity and repetition rate. The mas- 
ter oscillator 1 is built around a unijunction 
transistor. The pulse repetition rate is deter- 
mined by the time within which a capacitor 
80 (not shown) is charged. The desirable fre- 
quency range is selected by switching the 
capacitors of different ratings. 

The capacitor is charged via a transistor 
used as a controlled resistor. This transistor 
85 constitutes together with a control circuit the 
frequency modulator 2. There are two operat- 
ing modes as follows: the constant frequency 
mode in which the desirable frequency is 
selected manually by operating a knob, and 
90 the frequency modulation mode in which the 
frequency is varied automatically within the 
selected frequency ranges such as 4 to 20 Hz, 
20 to 100 Hz, and 100 to 500 Hz. 
The signal produced by the frequency mo- 
95 dulator 2 is applied to the stimulating pulse 
generator 3 which generates, for each pulse 
available from the master oscillator 1, a stimu- 
lating pulse of a given length, for example, 
from 0.2 to 25 ms, and of a given width of 

100 the leading edge of the pulse, for example, 
from 0.1 to 0.5 ms. 

The stimulating pulse generator 3 is a 
driven multivibrator. The forming stage for the 
leading edge of the pulse comprises a capaci- 

105 tor whose charge time constant determines 
the width of the leading edge. 

Thus, the master oscillator 1, the frequency 
modulator 2 and the stimulating pulse genera- 
tor 3 produce a continuous sequence of uni- 

110 polar pulses with a given length and with a 
given width of the pulse leading edge. These - 
pulses having a constant or a modulated fre- 
quency are applied to the input of the ampli- 
tude modulator 4. 

115 The modulating signal to modulate the fre- 
quency and amplitude is generated by the 
modulating signal generator 5 whose output 
produces a continuous signal whose waveform 
is represented by equilateral triangles. The 

120 length of the latter selected, for example, from 
1 to 30 seconds determines the duration of 
the subject excitation cycle. The triangular- 
wave signal is obtained by means of conven- 
tional capacitor charging/discharging circuits 

125 in which square-wave pulses are applied to 
the stage where charging (discharging) is ac- 
complished. 

Square-wave pulses are applied to the auto- 
matic stimulating pulse polarity control unit 8 

1 30 and are used as markers to acknowledge the 
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termination of the cycle. A triangular-wave 
signal is applied to an input of the frequency 
modulator 2 and is used in one of the fre- 
quency modulation modes. That signal is sob- 

5 ject for further processing in the unit 6 
adapted to form the excitation and space 
periods. The unit 6 operates to perform down- 
ward clipping of the triangular-wave signal 
and its output produces a signal in the form 

10 of equilateral triangles spaced by intervals 
with zero signal. When the unit 6 produces a 
signal the excitation period takes place; when 
the signal is not present this means that a 
space period is available. By adjusting the 

1 5 clipping level of the signal, various relation- 
ships between the excitation and space peri- 
ods within the same cycle, for example, from 
1:1 to 1:3, can be obtained. The output 
signal of the unit 6 is applied to the amplitude 

20 modulator 4 and to the frequency modulator 

The amplitude modulator 4 is a voltage 
divider with an adjustable resistor from which 
the modulated signal is picked up. The adjus- 
25 table resistor is a transistor operated in a 
manner that the modulating signal, repre- 
sented by equilateral triangle-wave pulses, is 
subject to upward clipping and the envelope 
of the modulated signal is a trapezoid in 
30 which the signal rises and drops, respectively, 
at the beginning and end of the excitation 
period. The amplitude modulator 4 operates 
to control the signal level. 
The components labelled by reference nu- 
35 merals 1,2,3,4,5,6 operate to determine the 
signal structure as shown in Fig. 4. 

Produced at the output of the amplitude 
modulator 4 (Fig. 1) is the signal A (Fig. 4) 
with alternating excitation periods 60 and 
40 space periods 61 which constitute an excita- 
tion cycle 62. The lengths of the excitation 
cycle and the excitation and space periods are 
determined by the shape of the modulating 
signal. When no modulating signal is applied 
45 to the amplitude modulator 4, the continuous 
excitation mode characterized by the signal B 
is provided. 

The excitation periods 60 are represented 
by a train of pulses 63 whose repetition rate 
50 is formed in the frequency modulator 2 (Fig. 
1). When no modulating signal is present, the 
pulse repetition rate is held constant and the 
mode I (Fig. 4) is selected in the master 
oscillator 1 (Fig. 1). 
55 In the case of frequency modulation (the 
mode II. Fig. 4), the modulating signal for the 
signal A is the output signal of the unit 6 (Fig. 
1) in the form of equilateral triangles spaced 
by intervals. In this case, higher frequency 
60 corresponds to higher signal level. Since the 
same signal is used for amplitude modulation, 
there results a synchronous amplitude-fre- 
quency modulation with a frequency maxi- 
mum at the centre of the excitation period. In 
65 the case of the signal B (Fig. 4), the modulat- 



ing signal is a triangular-wave signal obtaina- 
ble from the output of the modulating signal 
generator 5 (Fig. 1). 
In the units 7 and 8, the polarity if the 
70 signal is formed but its parameters are not 
changed. The laws according to which the 
signal polarity is changed are illustrated by 
Figs. 4a,b,c,d,e. Figs. 4a, b show the signals 
of positive and negative polarities, respec- 
75 tively. Shown in Fig. 4c is a signal whose 
polarity is changed every other pulse, while 
the signals shown in Figs. 4d,e have their 
polarities changed devery other cycle and af- 
ter a certain time interval, respectively. 
80 The output unit 9 (Fig. 1) operates to 
increase the signal power and to provide for 
matching the apparatus output with the distri- 
buting line 10 whose leads 1 1,, 1 1 N are 
used to deliver the signal to respective points 

85 12, 12 N subject to electrical stimulation. 

Thus, a group of N subjects, human beings 
or animals, is handled on a mass basis, N 
being equal, for example, to 100. 
The stimulating pulse amplitude adjustment 
90 circuit 1 3 is operated to select the signal level 
required for the given subject, said signal 
being applied, via the matching unit 14, to 
the surface-type electrodes 15. The individual 
excitation characteristics of the subjects are 
95 therefore taken into consideration. 

The indication unit 16 provides for conve- 
nient operation of the apparatus of the inven- 
tion. The unit 16 comprises an individual 
power supply which connects, via an adjusta- 
1 00 ble resistor in the form of a transistor, the 
indication line 17. The latter has the leads 
18,, 18 N coupled to the pilot lamps 19 

for respective points 12, 1 2 N subject to 

electrical stimulation. Applied to the control 
105 input of the adjustable resistor (not shown) is 
the signal from the output unit 9. With the 
apparatus energized and the signal unavaila- 
ble, the pilot lamps give off a preset level of 
brilliance. When the signal is present, the 
110 brilliance is changed according to the signal 
amplitude in synchronism with the excitation 
period. Thus, one can monitor the energiza- 
tion of the apparatus and the presence of the 
signal passing through the distributing line 10 

1 1 5 to respective points 12, 1 2 N subject to 

electrical stimulation. 

The measuring unit 20 is used to measure 
and indicate the amplitude of the output sig- 
nal. 

1 20 Fig. 2 illustrates in greater detail the com- 
ponents 7,8,9,1 3, 14 which constitute the 
output circuits of the apparatus. 

The circuitries of the units 7,8 are chosen 
in accordance with the type of the output unit 

125 9 - 

The output unit 9 comprises two indepen- 
dent unipolar signal amplifiers working into 
the common load 21. 

The first and second amplifiers provide, 
130 respectively, the signals of positive and nega- 
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tive polarity. The positive signal is obtained 
from the first amplifier comprising the pream- 
plifier 22 and the output emitter follower 23 
with the load 21 . This stage takes power from 
5 the individual supply bus 24. 

The negative signal is provided by the sec- 
ond amplifier fed from the individual supply 
bus 27 and comprising the preamplifier 25 
and the output emitter follower 26 which is 
10 connected to the load 21. The output signal 
of the amplitude modulator 4 has the same 
polarity and passes to the unit 7, namely, to 
the input of the phase inverter built around 
the transistor 30 with equal collector-emitter 
15 loads 31 , 32. The latter produce signals of 
equal magnitude and opposite polarity, as 
related to the buses 24,27; this means that 
the load 31 produces a negative signal as 
related to the bus 24, while the load 32 
20 produces a positive signal as related to the 
bus 27. These signals are input ones for 
respective amplifiers and are applied to the 
inputs of the preamplifiers 22, 25 via the 
switch networks 28,29, respectively. 
25 The input of the respective preamplifier 22 
or 25 receives the signal only when the 
respective switch network 28 or 29 is con- 
ducting, and the load 21 produces a respec- 
tive signal under these conditions only. At a 
30 given point in time, only one of the switch 
networks 28, 29 is conducting, only one 
amplifier of the output unit 9 is operative and 
the output of the latter produces a signal of a 
given polarity. Holding the switch networks 
35 28, 29 in the required states enables output 
signals of different polarities and various se- 
quences to be generated. The switching of the 
switch networks 28, 29 is accomplished 
within the space periods between the pulses 
40 or within the spaces between the excitation 
periods. 

The automatic stimulating pulse polarity 
control unit 8 is used to control the state of 
the switch networks 28, 29. The main subas- 

45 sembly of the unit 8 is the RST flip-flop 33. 
The Q output of the RST flip-flop 33 controls 
the operation of the switch network 28, while 
the Q output of the flip-flop controls the 
operation of the switch network 29. To obtain 

50 the control signal for controlling the state of 
the switch network 28 with respect to the bus 
24, the Q output of the RST flip-flop 33 is 
coupled to the matching network built around 
the transistor 34 whose load 35 produces that 

55 control signal. The matching network does not 
provide for the inverting of the signal. 

The state of the RST flip-flop 33 is deter- 
mined by input signals applied thereto. Fig. 2 
illustrates a modification of a connection dia- 

60 gram for the RST flip-flop 33. At each point 
in time, one pair of the contacts of the switch 
unit 36 are closed. When the latter operates 
to connect the S or R input of the RST flip- 
flop 33 to the control signal unit 37, the flip- 

65 flop goes to the corresponding state which 



determines the positive or negative polarity of 
the signal. The RST flip-flop 33 automatically 
changes its state, with the result that the 
polarity of the output signal is changed, when 
70 its complement input (labelled T) is activated. 
The control pulses from the output of the 
control signal unit 37 are applied to the T 
input of the flip-flop and the polarity is 
changed when the signal is not present, 
75 namely, within the spaces between the pulses 
or between the excitation periods. This condi- 
tion is attained by generating in the control 
sign 1 unit 37 the signals for controlling the 
operation of the RST flip-flop 33. To keep the 
80 flip-flop in a state determined by the S or R 
input thereof, the corresponding input is cou- 
pled to the zero supply bus of the flip-flop. 
The control pulses are formed which control 
the state of the RST flip-flop 33 related to the 
85 T input. Received by the input of the control 
signal unit 37 are the stimulating pulses from 
the stimulating pulse generator 3 and the 
pulses from one of the outputs of the modu- 
lating signal generator 5, which are used to 
90 acknowledge that the given cycle is termi- 
nated, in the operating mode dealing with 
switching the polarity every other pulse, the 
control pulses are formed at the moment 
coinciding with the trailing edge of the stimu- 
95 lating pulses. 

When the polarity is switched over every 
other cycle, the control pulses are formed at 
the moment coinciding with the trailing edge 
of the cycle termination pulses, in the middle 
1 00 of the space between the excitation periods. 
When a stimulating signal with continuous 
excitation is used, the polarity is switched 
over at the moment when two events coin- 
cide, namely, the termination of the cycle and 
105 the termination of the present stimulating 
pulse. 

To switch over the polarity after a certain 
time interval has elapsed, for example, after 
1- to 5-min. time interval, the electronic 
110 timer of the control signal unit 37 generates 
pulses after a given time interval. The polarity 
of the output signal is switched over when 
two events concide, namely, the termination 
of the given time interval and the termination 
1 1 5 of either the cycle or the present pulse, ac- 
cording to the signal A or B (Fig. 4). 

Fig. 3 illustrates a modification of the out- 
put unit 9 in which the amplifier for the 
positive polarity signal utilizes the transistors 
120 44,45 ,48. 

The input signal available from the load 31 
of the phase inverter passes through the resis- 
tors 56,52 when the transistor 54 of the 
.switch network is not conducting. In this case, 
125 logic 0 is present at the Q output of the RST 
flip-flop 33 (Fig. 2). When the transistor 54 
(Fig. 3) reaches its saturation state, no signal 
is applied to the input of the preamplifier. 
The final stage for the negative polarity 
130 signal utilizes a similar circuitry, but the trans- 
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istors 46,47,49 have the opposite polarity 
and the switch network employs the transistor 
55. 

The advantages of the output unit 9 are " 

5 that zero balance is not needed, the d.c. 
component at the output is not present when 
zero signal is available, a very important fea- 
ture in the apparatus influencing living organ- 
isms, and the amplifier takes no power when 

10 the signal is not present. 

The stimulating pulse available from the 
load 21 (Fig. 2) of the output unit 9 passes to 
the distributing line 10 having its leads 11,, 
. . ., 1 1 N connected to the subjects being stim- 

1 5 ulated. Proper connection of a subject to the 
distributing line 10 must meet the following 
requirements; when the signal amplitude is 
adjusted at each of the points 12 v .... 12 N 
subject to electrical stimulation, the signal 

20 shape, and especially the width of the pulse 
leading edge, should not vary; within the 
entire adjustment range at N points of electri- 
cal stimulation, the amplitude of the stimulat- 
ing pulse along the distributing line 1 0 should 

25 not vary; and the potentiometers 38 should 
not provide for a marked increase in the 
power consumed. In the circuit described by 
Fig. 2, these requirements are met. 
The stimulating pulse amplitude adjustment 

30 circuit 13 (Fig. 1) is the potentiometer 38 
(Fig. 2) whose rating is several times (for 
example, 5) that of the load (subject), and an 
extra power consumption does not exceed 20 
percent in this case. The matching unit 14 

35 comprises the transistors 39. 40 of the oppo- 
site conductivities, diodes 41, 42 and emitter 
load 43. The circuitry includes two stages 
which behave like emitter followers with a 
common load. In the case of the output signal 

40 of positive polarity, the diode 41 is conduct- 
ing and the stage built around the transistor 
39 is operative. The diode 42 is not conduct- 
ing, the collector of the transistor 40 is separ- 
ated from the distributing line 10, and the 

45 polarity of the signal across the potentiometer 
38 is such that the base-emitter junction of 
the transistor 10 is not conducting; in other 
words, the circuitry of the transistor 40 do not 
influence the operating stage. 

50 After the polarity of the output signal has 
been changed, the diode 42 is made conduct- 
ing and the signal is applied to the load 
(subject when passing through the stage built 
around the transistor 40. The low output 
55 impedance of the stage provides for a small 
time constant for the charging process in the 
load capacitor. As a result, a change of the 
width of the leading edge is within permissi- 
ble limits for the entire range of adjusting the 
60 signal level. 

The proper selection of the signal structure 
and the law according to which the signal 
polarity is changed makes it possible to create 
an adequate stimulation effect for groups of 
65 human beings or animals in various physiolog- 



ical conditions. 

A flexible signal structure and the preset 
parameter adjustment range provide for elec- 
trical stimulation of various character such as 

70 an intense excitation of the receptor fields of 
the mamma, a normalizing action, or a curing 
action in the case of a pathological process. 

There are contraindications of general na- 
ture and relating to cases where the applica- 

75 tion of a pulsed electric current is impractica- 
ble. They include epilepsy, frequently ecoun- 
tered spasms, benignant and malignant tu- 
mors of the mamma, and skin diseases of the 
mamma. 

80 The apparatus of the invention therefore 
allows for mass handling of human beings or 
animals without an increase in the personnel 
requirements and without greater costs. The 
apparatus of the invention is especially suit- 

85 able for large cattle farms and specialised 
hospitals. The use of the apparatus provides 
for a decrease in management and curing 
costs related to animals and human beings, 
for an increase in milk production at cattle 

90 farms, and for better physiological condition 
of the animals being handled. 

CLAIMS 

1 . An apparatus for electrical stimulation 
95 of the mammae, comprising a master oscilla- 
tor producing a train of pulses, a frequency 
modulator adapted to perform frequency mo- 
dulation of the pulses produced by the master 
oscillator and having its input coupled to the 

100 output of the master oscillator, a stimulating 
pulse generator producing pulses of a given 
length and shape, corresponding to the pulses 
available from the master oscillator, and hav- 
ing its input coupled to the output of the 

105 frequency modulator, an amplitude modulator 
in which the generated pulse train is subject 
to amplitude modulation and which has an 
input coupled to the output of the stimulating 
pulse generator, a modulating signal genera- 

1 10 tor, a unit forming excitation and space peri- 
ods and having its input coupled to an "output 
of the modulating signal generator, which is 
coupled to a control input of the frequency 
modulator, and having its output coupled to a 

1 1 5 control input of the amplitude modulator and 
to a second control input of the frequency 
modulator, a unit adapted to change the po- 
larity of the stimulating pulses according to a 
given law and having an input coupled to the 

1 20 output of the amplitude modulator, a unit 
adapted to automatically control the polarity 
of the stimulating pulses according to the law 
of changing the polarity, said automatic stimu- 
lating pulse polarity control unit having its 

1 25 output coupled to a control input of the stimu- 
lating pulse polarity changing unit, and hav- 
ing its inputs coupled respectively to the out- 
put of the stimulating pulse generator and to 
another output of the modulating signal gen- 

130 erator, an output unit comprised of two unipo- 
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far signal amplifiers, having a common load, 
and adapted to produce an output signal with 
a polarity changed according to the given law, 
the output unit having its input coupled to the 

5 output of the stimulating pulse polarity chang- 
ing unit and having its output coupled to a 
distributing line with leads for respective 
points subject to electrical stimulation, each of 
the leads being coupled to a stimulating pulse 

10 amplitude adjustment circuit which has its 
output coupled to the input of a matching unit 
having its output coupled to surface-type elec- 
trodes. 

2. An apparatus as claimed in claim i , 
1 5 wherein the combination of two unipolar sig- 
nal amplifiers, the stimulating pulse polarity 
changing unit and the automatic stimulating 
pulse polarity control unit are implemented in 
the form of a circuit including a first preampli- 
20 fier and a first emitter follower which are 

provided with a first individual supply bus and 
constitute together an amplifier for a signal of 
a first-type polarity, and also including a sec- 
ond preamplifier and a second emitter foi- 
25 lower which are provided with a second indi- 
vidual supply bus and constitute together an 
amplifier for a second-type polarity, the two 
amplifiers being coupled to a load, two switch 
networks and a phase inverter adapted to 
30 constitute the stimulating pulse polarity 
changing unit, the switch networks having 
their inputs coupled to loads of the phase 
inverter which is operated to supply the inputs 
of the switch networks with of opposite polari- 
35 ties, and having their outputs coupled to the 
inputs of the preamplifiers, the phase inverter 
being coupled to the amplitude modulator, 
which circuit also includes an RST flip-flop, a 
matching network built around a transistor 
40 which is coupled to an output of the RST flip- 
flop, a switch unit coupled to the inputs of the 
RST flip-flop and to a control signal unit and 
adapted to select the law of changing the 
polarity of the stimulating pulses, the RST 
45 flip-flop, the matching network, the switch 
unit and the control signal unit being adapted 
to constitute the automatic stimulating pulse 
polarity control unit, the output of the match- 
ing network and the other output of the RST 
50 flip-flop being coupled to respective control 
inputs of the switch networks, and the inputs 
of the control signal unit being coupled to the 
output of the stimulating pulse generator and 
to the other output of the modulating signal 
55 generator. 

3. An apparatus as claimed in claims 1,2, 
wherein the stimulating pulse amplitude ad- 
justment circuit for each of respective points 
subject to electrical stimulation and the 
60 matching unit are buit around a circuit includ- 
ing a potentiometer, two transistors of oppo- 
site conductivities, and two diodes, a moving 
contact of the potentiometer being coupled to 
the bases of the transistors which have their 
65 emitters coupled to an emitter load, and have 



their collectors coupled to the distributing line 
via the diodes which are connected according 
to the given polarity of the signal. 

4. An apparatus as claimed in claims 1 to ■_ 
70 3, wherein an indication unit is coupled to an. 

indication line having leads for respective 
points subject to electrical stimulation, said " 
leads being coupled to corresponding -'pilot 
lamps, and said indication unit being coupled 
75 to the output unit to effect visual monitoring 
of the point subject to electrical stimulation 
and to acknowledge the presence of the appa- 
ratus output signal. 

5. An apparatus for electrical stimulation 
80 of mammae substantially as hereinbefore de- 
scribed with reference to the accompanying 
drawings. 
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